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(54) Composition, adhesive and aqueous emulsion 



(57) There is disclosed a composition which com- 
prises an (A) aqueous emulsion comprising a dispersoid 
which comprises a copolymer of a hydrophobic unsatu- 
rated monomer such as (meth)acrylic ester and a pri- 
mary hydroxy! group-containing ethylenically 
unsaturated monomer; and a dispersarrt comprising a 
vinyl alcohol polymer having a mercapto group at an end 
thereof and a (B) polyvalent isocyanate compound. Dis- 
closed also are an adhesive comprising the aforemen- 
tioned composition and a wooden product which is joined 
by the use of the adhesive. The above-disclosed adhe- 
sive is excellent in initial adhesivity, adhesive strength, 
water resistance and so forth. 
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Description 

The present invention relates to a composition, an adhesive and an aqueous emulsion. More particularly, it pertains 
to a composition useful for a variety of use especially as an adhesive, an adhesive excellent in initial adhesivity, adhesive 
5 strength and water resistance which comprises said composition, and an aqueous emulsion as the material for said 
adhesive and the like. 

Differing from the conventional aminoplast adhesive, an adhesive which comprises as principal ingredients, a water- 
soluble high molecular compound, an aqueous emulsion and an isocyanate compound is free from the generation of 
formalin and develops an extremely high adhesive strength and water resistance only by press bonding at ordinary 

io temperature for a relatively short time and therefore, is admirably used as an adhesive for wood (refer to, for example 
Japanese Patent Application Laid-open Nos. 94739/1973 and 69139/1975). There have been proposed also as the 
similar adhesives, an aqueous adhesive composition which comprises the emulsion of a copolymer of a hydroxyl group- 
containing monomer such as aHyl alcohol. 2-nydroxyethyl acrylate, N-methylolacrylamide or the like and vinyl acetate 
or the like; and a divalent isocyanate compound (Japanese Patent Application Laid-Open No. 26346/1974) and water- 

is resistant adhesive composition comprising a polyvinyl acetate emulsion using a polyvinyl alcohol as a dispersant (pro- 
tective colloid) and a polyvalent isocyanate compound (Japanese Patent Application Laid-Open No. 33 1 78/1 991 ). These 
is reported an adhesive comprising a polymer emulsion stabilized by polyvinyl alcohol, said polymer emulsion being 
produced by two-stage polymerization process wherein in the first stage is produced a vinyl acetate copolymer having 
a glass transition temperature of 10 to 40°C and in the second stage is produced a methyl methacrylate copolymer 

so having a glass transition temperature of 50 to 120*C at a ratio of the vinyl acetate copolymer to the methyl methacrylate 
copolymer being 10:1 to 10:6 (Japanese Patent Application Laid-Open No. 302485/1990). 

Moreover, there is disclosed an aqueous emulstion usable for an adhesive comprising as the dispersoid, polystyrene, 
polymethyl methacrylate, polymethyl acrylate, methyl methacrylateAmtadiene copolymer, polyvinyl chloride or polyvinyl 
acetate and as the suspending agent, polyvinyl alcohol having a mercapto group at an end thereof (Japanese Patent 

ss Application Laid-Open No, 197229/1985). 

Under such circumstances, there has recently been established Japanese Industrial Standard (JiS) regarding adhe- 
sives for wood comprising an aqueous high molecular compound and an isocyanate compound. 

With increase in the objects to be bonded, however, there has arisen the necessity for further enhancing the present 
adhesivity level as the case may be. Specifically, an adhesive is sometimes required to have higher durability as the 

3o structural adhesive or further enhanced initial adhesivity as ordinary adhesive for individual use. In the case of the latter, 
the versatile application of an aqueous emulsion of a vinyl acetate resin using polyvinyl alcohol (hereinafter sometimes 
abbreviated to "PVA") as the dispersant has enhanced initial adhesivity but has caused the problem of water resistance 
being insufficient. 

For the requirement of high durability and/or high water resistance there have heretofore been admirably employed 
36 an aqueous emulsion of acrylic series and that of styrene/butadiene rubber (SBR). However, since in the above-men- 
tioned aqueous emulsions has been used an anionic surfactant or a nonionc surfactant alone or in combination with 
each other as the dispersant at the time of emulsion polymerization, the aqueous emulsions have involved the problem 
that they could not develop such initial adhesivity like the aqueous emulsion of vinyl acetate resin obtained by using PVA 
as the dispersant and the problem of inferior operation efficiency. 
40 It is the present state of the aforementioned conventional adhesives that in spite of their performance being recog- 
nized to some extent, an adhesive having satisfactory performance in all respects of initial adhesivity, adhesive strength 
and water resistance still remains undeveloped. 

It is an object of the present invention to solve the problems of the prior arts as described hereinbefore and thereby 
provide a composition well suited for use in an adhesive having satisfactory initial adhesivity as well as excellent adhesive 
*s strength and water resistance. 

It is another object of the present invention to provide an adhesive having satisfactory initial adhesivity as well as 
excellent adhesive strength and water resistance which adhesive is obtained by the use of the above-mentioned com- 
position. 

It is still another object of the present invention to provide a wooden product excellent in adhesive strength and 
so water resistance which is obtained by the use of the above-mentioned adhesive. 

It is a further object of the present invention to provide an aqueous emulsion which constitutes a component of the 
above-mentioned composition. 

It is a still further object of the present invention to provide a process for efficiently producing the above-mentioned 
aqueous emulsion. 

ss Other objects of the present invention will be obvious from the text of the specification hereinafter disclosed. 

The composition according to the present invention comprises an (A) aqueous emulsion selected from an (A-1) 
aqueous emulsion comprising a dispersoid which comprises a vinyl ester polymer (1) and a copolymer having a glass 
transition temperature of lower than 50°C containing a methacrylic ester monomer unit and/or an acrylic ester monomer 
unit; and a primary hydroxyl group-containing ethylenically unsaturated monomer unit (2) , said polymer (1 ) being present 
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principally in the central part of said dispersed, said copolymer (2) being present principally in the peripheral part thereof, 
the ratio by weight of said polymer (1 ) to said copolymer (2) being in the range of 9: 1 to 1 :9; and a dispersant comprising 
a vinyl alcohol polymer and an (A-2) aqueous emulsion comprising a dispersoid which comprises a copolymer containing 
at least one hydrophobic unsaturated monomer unit selected from a methacrylic ester monomer unit, acrylic ester mon- 
omer unit, styrenic monomer unit, diene monomer unit and halogenated unsaturated monomer unit; and a primary 
hydroxy! group-containing ethylenically unsaturated monomer unit in an amount of 0. 1 to 50% by weight based on said 
copolymer; and a dispersant comprising a vinyl alcohol polymer having a mercapto group at an end thereof and a (B) 
polyvalent isocyanate compound. 

Fig. 1 is an explanatory drawing schematically showing the structure of the dispersoid in the (A-1 ) aqueous emulsion 
in which the symbol 1 is the polymer (1) and the symbol 2 is the copolymer (2). 

The composition according to the present invention comprises (A) an aqueous emulsion and (B) a polyvalent iso- 
cyanate compound, said emulsion comprising an (A-1) aqueous emulsion or (A-2) aqueous emulsion. The (A-1) aqueous 
emulsion comprises the dispersoid and the dispersant described hereinbefore. The dispersoid is the aggregate of each 
being composed of the vinyl ester polymer (1) and the copolymer having a glass transtion temperature of lower than 
50°C containing at least one member selected from methacrylic ester monomer unit and acrylic ester monomer unit 
(hereinafter sometimes collectively referred to as "(meth)acryiic ester monomer unit") and a primary hydroxyl group- 
containing ethylenically unsaturated monomer unit (2). 

The vinyl ester polymer (1) includes a variety of polymers and is generally exemplified by the (co)polymers com- 
prising as primary unit, the vinyl ester unit such as vinyl acetate, vinyl propionate, vinyl pivalate, vinyl ester of tertiary 
carboxyiic acid having 8 to 10 carbon atoms (for example, vinyl ester produced by Shell Chemical Co., Ltd. under the 
tradename "Veova 10"), vinyl stearate, vinyl formate, vinyl valerate, vinyl caprinate, vinyl laurateand vinyl benzoate; and 
the copolymer of any of the above-mentioned vinyl ester units and not more than 30% by weight of a copolymerizable 
monomer unit such as ethylene or vinyl chloride and a monomer unit having a small amount of a functional group such 
as carboxyl group or amide group. The glass transition temperature (Tg) of the aforementioned vinyl ester polymer (1) 
is not specifically limited but is preferably in the range of -10°C to 40°C. A Tg of the polymer (1) of lower than -10°C or 
higher than 40°C may lower the adhesive strength when the aqueous emulsion is used as an adhesive. 

The copolymer (2) is the copolymer containing a (meth)acrylic ester monomer unit and a primary hydroxyl group- 
containing ethylenically unsaturated monomer unit and having a glass transition temperature (Tg) of lower than 50°C, 
desirably from 5*C to lower than 50'C, more desirably from 1 0'C to 40°C. A Tg of lower than 5'C may decrease the 
adhesive strength because of insufficient cohesive force in the case where the aqueous emulsion is used as an adhesive, 
whereas a Tg of higher than 50'C deteriorates the film-forming properties resulting in decrease in the adhesive strength 
in the case same as above. 

The (meth)acryllc ester monomer unit constituting the copolymer (2) is methacrylic ester monomer unit and/or acrylic 
ester monomer unit and desirably contains both the methacrylic ester monomer unit and the acrytic ester monomer unit. 

The methacrylic ester monomer unit includes a variety of species and is preferably exemplified by a monomer unit 
having an alkyl group of 1 to 12 carbon atoms such as those derived from methyl methacrylate, ethyl methacrylate, 
propyl methacrylate, butyl methacrylate, 2-ethylhexyl methacrylate, dodecyl methacrylate and dimethylaminoethyi meth- 
acrylate; the units each derived from a quaternary compound of any of the aforestated 7 monomer units; and the units 
each derived from any of methacrylamide and ethylene glycol dimethacrylate, among which is preferable a methacrylic 
ester unit having an alkyl group of 1 to 4 carbon atoms. 

As is the case with the above, the acrylic ester monomer unit includes a variety of species and is exemplified by a 
monomer unit having an alkyl group of 1 to 12 carbon atoms such as those derived from methyl acrylate, ethyl acrylate, 
propyl acrylate, butyl acrylate, 2-ethylhexyl acrylate, decyl acrylate, dodecyl acrylate and dimethylaminoethyi acrylate; 
the units each derived from a quaternary compound of any of the aforesaid 8 monomer units; and the units each derived 
from any of acrylamide, N.N-dimethylacrylamide, acrylamide-2-methylpropanesulfonic acid and sodium salt thereof, 
among which is preferable an acrylic ester unit having an alkyl group of 1 to 4 carbon atoms. 

Also, the primary hydroxyl group-containing ethylenically unsaturated monomer unit includes a variety of species 
and is preferably exemplified by those derived from hydroxyethyl acrylate, hydroxyethyl methacrylate, caprolactone- 
modHied (meth)acrylic ester, N-alkylolamide from a.p-ethylenicaNy unsaturated carboxyiic acid having 3 to 10 carbon 
atoms such as N-methylolacrylamide, N-ethanolacrylamide, N-propanolacrylamide, N-methylolmethacrylamide, N-eth- 
anolmethacrylamide and N-methanolmaleamide, and allyl alcohol. 

The aforestated (meth)acrylic ester monomer unit and primary hydroxyl group-containing ethylenically unsaturated 
monomer unit may contain one member or at least two members in combination, respectively. 

The foregoing copolymer (2) may contain a copolymerized monomer unit in addition to the above-described 
(meth)acrylic ester monomer unit and primary hydroxyl group-containing ethylenically unsaturated monomer unit insofar 
as the copolymer has a glass transition temperature (T g) of lower than 50°C, such copolymerized monomer unit being 
exemplified by styrenic unit and diene unit such as butadiene and isoprene. In addition, the copolymer (2) may contain 
a monomer unit having a functional group other than a primary hydroxyl group or divinyl monomer unit such as ethylene 
glycol dimethacrylate. 
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As mentioned hereinbefore, the copolymer (2) is composed of the (meth)acrylic ester monomer unit and primary 
hydroxyl group-containing ethylenically unsaturated monomer unit. The proportion of each of the aforesaid constitutional 
units is not specif teal ly limited insofar as the copolymer has a Tg of lower than 50°C, but the (meth)acrylic ester monomer 
unit is in an amount of usually 85 to 99.8% by weight, preferably 99 to 995% by weight each based on the total amount 

5 of the copolymer (2). In the case where both the methacrylic ester monomer unit and acrylic ester monomer unit are 
used as the (methjacrylic ester unit, the methacrylic ester monomer unit is in an amount of usually 20 to 70% by weight, 
preferably 30 to 65% by weight, and the acrylic ester monomer unit is in an amount of 20 to 50% by weight, preferably 
25 to 45% by weight. The primary hydroxyl group-containing ethylenically unsaturated monomer unit is in an amount of 
0.1 to 50% by weight, desirably 0.2 to 15% by weight, more desirably 0.5 to 10% by weight. An unreasonably small 

w content of the primary hydroxyl group-containing ethylenically unsaturated monomer unit results in insufficient improve- 
ment in water resistance of the adhesive obtained therefrom. 

The dispersoid in the (A-1 ) aqueous emulsion according to the present i nvention is the aggregate of each dispersoid 
comprising polymer (1) and copolymer (2), which form an double layer structure wherein the polymer (1) is present 
principally in the central part of the dispersoid, whil e the copolymer (2) is present principally in the peripheral part thereof. 

15 In more detail, the structure of the dispersoid is such that the polymer (1 ) (specifically in an amount of at least 70% by 
weight, desirably at least 80% by weight, particularly desirably at least 90%) is present in the central part of the dispersoid, 
whereas the copolymer (2) (specifically in an amount of at I east 70% by weight, desirably at least 80% by weight, par- 
ticularly desirably at least 90%) is present in the peripheral part thereof. The polymer (1) and copolymer (2) which 
constitute the dispersoid are each not always in the shape of sphere, but may be in different shapes as illustrated in Fig. 

so 1 schematically showing the magnified structure of the dispersoid, wherein the symbol 1 is the polymer (1) and the 
symbol 2 is the copolymer (2). Such double layer structure of the dispersoid can be confirmed by means of a transmission 
electron microscope. The ratio by weight of the polymer (1) to the copolymer (2) in the suspensoid is 9: 1 to 1 :9, preferably 
8:2 to 2:8. In the case where the percentage by weight of the polymer (1) based on the total amount of the polymer (1) 
and copolymer (2) exceeds 90%, the adhesive obtained from the aqueous emulsion is deteriorated in water resistance, 

25 whereas the percentage less than 1 0% by weight decreases the emulsion stability. 

As described hereinbefore, the (A-1 ) aqueous emulsion comprises the above-mentioned dispersoid and dispersant 
in which vinyl alcohol polymer (PVA) is used. As the above PVA, the previously known PVA is available and suitable 
examples thereof include the PVA having a degree of hydrolysis of 80 to 99 mol% and a degree of polymerization of 
200 to 8000 and the so called modified PVA, in which a functional group is introduced in the main or side chain or to ttie 

30 end of molecule thereof. Also, a previously known emulsion stabilizer other than PVA may be used in combination with 
the PVAas a component of the dispersant to the extentthatthe addition of thedispersant does not impair the performance 
such as initial adhesivity. 

The average particle diameter of the dispersant in the (A-1) aqueous emulsion according to the present invention 
is not specifically limited but is desirably 0.5 to 2 ixm, more desirably 0.8 to 1 .5 \m. The concentration of the dispersoid 

as in the (A-1) aqueous emulsion may be suitably determined according to the various situations, but is desirably 40 to 
60% by weight, more desirably 45 to 55% by weight. The concentration of the dispersant in the (A-1 ) aqueous emulsion 
is not specifically limited as well but is desirably 0.2 to 50 parts by weight, more desirably 1 to 10 parts by weight per 
100 parts by weight of the dispersoid. 

As described hereinbefore, the dispersoid in the (A-1) aqueous emulsion according to the present invention forms 

40 the specific double layer structure. In the case, however, where a double layer structure is not formed or in spite of a 
double layer structure being formed, the polymer (1) is present principally in the peripheral part of the dispersoid and 
the copolymer (2) is present principally in the central part thereof, the aqueous emulsion is poor in stability and further 
fails to develop sufficient water resistance when used in an adhesive. 

In the (A-1) aqueous emulsion according to the present invention, the foregoing dispersoid is stabilized in aqueous 

45 emulsion by thedispersant comprising the PVA. To the (A-1) aqueous emulsion, if necessary, different types of aqueous 
emulsions may be added and exemplified by vinyl acetate, ethylene/vinyl acetate copolymer, polychloroprene, polyb- 
utadiene, styrene/butadiene copolymer, butadiene/acrylonitrile copolymer, butyl rubber, polyacrylicacid ester, polyvinyl 
chloride and polyvinylidene each in the form of emulsion. 

On the other hand, the (A-2) aqueous emulsion comprises, as described hereinbefore, the dispersoid and dispersant. 

so The aforementioned dispersoid comprises a copolymer containing as constitutional units, at least one hydrophobic 
unsaturated monomer unit selected from a methacrylic ester monomer unit, acrylic ester unit, styrenic monomer unit, 
diene monomer unit and halogenated unsaturated monomer unit; and a primary hydroxyl group-containing ethylenically 
unsaturated monomer unit. 

Here, the methacrylic ester monomer unit and acrylic ester monomer unit include each a variety of species and are 
ss preferably exemplified by those in the case of the above-described (A-1 ) aqueous emulsion. 

Examples of the styrenic monomer unit include a wide diversity of species, among which are preferably units derived 
from styrene, a-methylstyrene, p-methylstyrene, o-methylstyrene, p-styrenesultonic acid and an alkali salt thereof such 
as sodium salt and potassium salt. 
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Examples of the diene monomer unit include a large variety of species, among which are preferably units derived 
from butadiene, isoprene, chloroprene and neoprene. 

Examples of the halogenated unsaturated monomer unit include a variety of species, among which are preferably 
units derived from vinyl chloride, vinylidene chloride, vinyl bromide and vinylidene bromide. 
s The primary hydroxy! group-containing ethylenically unsaturated monomer unit in the (A-2) aqueous emulsion 
includes a variety of species and is preferably exemplified by those in the case of the above-described (A-1) aqueous 
emulsion. 

The aforementioned at least one hydrophobic unsaturated monomer unit selected from a methacrylic ester monomer 
unit, acrylic ester monomer unit, styrenic monomer unit, diene monomer unit and halogenated unsaturated monomer 

10 unit, and primary hydroxyl group-containing ethylenically unsaturated monomer unit may contain one member or at least 
two members in combination, respectively. 

The above-mentioned copolymer which constitutes the dispersoid of the (A-2) aqueous emulsion of the present 
invention indispensably comprises the aforesaid hydrophobic unsaturated monomer unit and primary hydroxyl group- 
containing ethylenically unsaturated monomer unit, and may contain, in addition to the aforestated monomer units, a 

is copolymerized monomer unit exemplified by vinyl ester monomer unit such as those derived from vinyl acetate, vinyl 
formate, vinyl versate and vinyl pi valate, mono-olelinic monomer unit such as ethylene and propylene and nitrile monomer 
unit such a acrylonitrile and methacrylonitrile to the extent that the addition thereof does not impair the effect of the 
present invention. 

The content of the above-mentioned copolymerized monomer unit in the copolymer is desirably 20% or less by 
20 weight, more desirably 1 0% or less by weight. 

The content of the primary hydroxyl group-containi ng ethyl enically unsaturated monomer unit in the copolymer con- 
stituting the dispersoid in the (A-2) aqueous emulsion according to the present invention is indispensably 0.1 to 50% by 
weight, desirably 0.2 to 15% by weight, more desirably 0.5 to 10% by weight. 

An unreasonably low content of the primary hydroxy! group-containing ethylenically unsaturated monomer unit 
ss decreases the effect on the crosslinkage with the polyvalent isocyanate compound as the component (B), thus failing 
to sufficiently develop water resistance required for the adhesive obtained therefrom. Conversely, an excessively high 
content thereof unreasonably increases the hydrophilic nature of the copolymer constituting the dispersoid, thereby 
decreases the polymerization stability at the time of emulsion polymerization and water resistance of the aqueous emul- 
sion itself, resulting in failure to sufficiently develop water resistance required for the adhesive to be made from the 
30 aqueous emulsion. 

The content of the hydrophobic unsaturated monomer unit in the copolymer is desirably 50 to 99.9% by weight, 
more desirably 85 to 99.8% by weight, furthermore desirably 90 to 99.5% by weight. 

The glass transition temperature (Tg) of the copolymer which constitutes the dispersoid in the (A-2) aqueous emul- 
sion accordi ng to the present invention is not specifically limited, but is desirably not lower than - 1 0°C to lower than 50°C, 
3s more desi rably from - 1 0°C to 40°C. A Tg of lower than -1 0°C may decrease the adhesive strength on account of insuf- 
ficient cohesive force, while a Tg of 50°C or higher may deteriorate the film-forming properties resulting in decrease in 
the adhesive strength. 

The (A-2) aqueous emulsion according to the present invention, as described hereinbefore, comprises the afor- 
estated dispersoid and dispersant, which comprises PVA having a mercapto group at an end thereof. Such PVA as 

« above may be chemically bonded to the copolymer of the dispersoid by graft reaction or may be physically adsorbed on 
the copolymer of the dispersoid, but the former chemical bonding is preferable. 

Although the use of a PVA having a mercapto group in the main chain thereof instead of at an end thereof can 
develop the effect to some extent, the use thereof is not desirable because of possibility of insol utilization due to the 
formation of disulfide bond by the oxidation of PVA itself. Therefore, in the (A-2) aqueous emulsion according to the 

4S present invention, there should be used the PVA having a mercapto group at an end thereof, preferably the PVA having 
a mercapto group at one end only thereof, since the use of the latter can eliminate the fear of insolubilization and facilitate 
the handling thereof. The PVA having a mercapto group at an end thereof to be used in the present invention may have 
a different functional group in the main or side chain of the PVA in addition to the mercapto group at an end thereof. 
The aforesaid PVA having a mercapto group at one end only thereof can be prepared for example, by hydrolyzing 

so a vinyl ester polymer obtained by polymerizing, in the presence of a thiolic acid, a vinyl monomer comprising a vinyl 
ester monomer as primary component. 

The degree of polymerization of the PVA having a mercapto group at an end thereof to be used in the present 
invention may be determined according to respective situations without specific limitation, but is desirably 3500 or less, 
more desirably 1500 or less. The degree of hydrolysis thereof depends on the type of the other modifying group and 

55 can not be unequivocally determined, but is desirably not less than 70 mol% from the viewpoint of water-solubility. The 
dispersant may be composed of the PVA having a mercapto group at an end thereof alone but may contain, In addition 
to the above, a known PVA or an emulsifying agent other than PVA to the extent that the addition thereof does not injure 
the emulsion polymerization stability or initial adhesivity. 
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By virtue of the high activity of the mercapto group in radical reaction, the PVA having a mercapto group at an end 
thereof can be highly reactive even with a monomer having a relatively low radical reactivity such as methacrylic ester 
monomer, acrylic ester monomer, styrenic monomer, diene monomer and halogenated unsaturated monomer which 
have been extremely difficult to be made into a stable emulsion by the use of the conventional PVA not having a mercapto 

5 group at an end thereof as the dispersant. As a result, the PVA having a mercapto group at an end thereof can be 
chemically bonded to the particles of the dispersoid composed of the copolymer comprising any of the aforementioned 
monomers as the constitutional unit, thereby providing an exceptionally stable aqueous emulsion. 

The average particle diameter of the dispersoid in the (A-2) aqueous emulsion according to the present invention 
is not specifically limited but is desirably 0.2 to 2.0 \im, more desirably 0.3 to 1 .5 (im. The concentration of the dispersoid 

io in the (A-2) aqueous emulsion may be suitably determined accoridng to the various situations, but is desirably 30 to 
70% by weight, more desirably 40 to 60% by weight. The concentration of the dispersant in the (A-2) aqueous emulsion 
is not specifically limited as well but is desirably 0.5 to 30 parts by weight, more desirably 1 to 10 parts by weight per 
100 parts by weight of the dispersoid. In the case where the average particle diameter, concentration of the dispersoid 
or the concentration of the dispersant departs from the foregoing desirable range in the (A-2) aqueous emulsion of the 

15 present invention, polymerization stability at the time of emulsion polymerization and water resistance, durability and 
initial adhesivity of the adhesive obtained from the aqueous emulsion may not be developed with favorable balance 
among them. 

To the (A-2) aqueous emulsion of the present invention, if necessary, different types of aqueous emulsions may be 
added to the extent that the addition thereof does not impair the performance such as water resistance and initial adhe- 
so sivity, which emulsions are exemplified by those described in the case of the foregoing (A-1) aqueous emulsion. 

As described hereinbefore, the composition according to the present invention comprises an (A) aqueous emulsion 
and a (B) polyvalent isocyanate compound, which possesses at least two isocyanate groups in a molecule and is enu- 
merated by tolylene diisocyanate (TDI); hydrogenated TDI; trimethyloi propane-TDI adduct (e.g. produced by Bayer AG 
under the tradename "Desmodur L"); triphenylmethane triisocyanate; methylenebis(diphenyl isocyanate) (MDI); hydro- 
ps genated MDI; polymerized MDI; hexamethylene diisocyante; xylylene diisocyanate; 4,4-dicyclohexylmethane diisocy- 
anate: and isophorone diisocyanate. There may be also used a prepolymer having an isocyante group at an end thereof 
which is obtained by preliminarily polymerising a polyol with excessive polyisocyanate. 

The compounding ratio of the (A) aqueous emulsion to the (B) polyvalent isocyanate compound, together constituting 
the foregoing composition of the present invention, may be suitably determined according to the various conditions, but 
30 is desirably 1 0 to 1 50 parts by weight, more desirably 20 to 1 00 parts by weight of (B) polyvalent isocyanate compound 
per 100 parts by weight of (A) aqueous emulsion expressed in terms of solid content. 

The composition according to the present invention comprises (A-1) aqueous emulsion in which is contained PVA 
as the dispersant or (A-2) aqueous emulsion in which is contained PVA having a mercapto group at an end thereof as 
the dispersant, and according to the demand, a known PVA may be added to either of the PVA in (A- 1 ) aqueous emulsion 
35 and the PVA in (A-2) aqueous emulsion. 

The composition according to the present invention may be incorporated, if necessary, with starch, denatured starch, 
oxidized starch, sodium alginate, carboxymethyl cellulose, methyl cellulose, hydroxymethyl cellulose, maleic anhy- 
dride/isobutene copolymer, maleic anhydride/styrene copolymer, water-soluble high molecular compound such as 
maleic anhydride/methylvinyl ether copolymer and a thermosetting resin such as urea/formalin resin, urea/melamine/for- 
«? malln resin and phenol/formalin resin, each resin being generally used in an adhesive. 

In addition, the composition according to the present invention may be incorporated as required with a filler such 
as clay, kaoline, talc, calcium carbonate and wood powder; extender such as wheat flour; reaction accelerator such as 
boric acid and aluminum sulfate; pigment such as titanium oxide; and various additives such as preservative and rust 
preventive. 

45 The adhesive of the present invention is used for joining a variety of objects and above all for joining wood and lumber. 

The coating amount of the adhesive of the present invention is desirably 20 to 300 g/rrfz, more desirably 30 to 200 
g/m2 expressed in terms of solid content. 

As the method for coating, brush coating, roll coating and the like are available. As the method for drying after coating 
of the adhesive, drying at room temperature to 200°C is acceptable, but the adhesive of the present invention develops 
so a sufficient adhesive force even after drying at room temperature. 

The adhesive of the present invention is characterized in that it is excellent in both initial adhesivity and water resist- 
ance in boiling water. The drying time after coating is desirably 30 minutes to 5 hours, preferably under press bonding. 
The pressure required for the press bonding is determined in the range of 5 to 20 kg/cm?, preferably higher in the case 
where the object to be joined is a hard wood or lumber and preferably higher, so far as the object is not broken, in the 
ss case where the object to be joined is a soft wood or lumber. 

The wooden product according to the present invention is a wooden product joined with the above-described adhe- 
sive, including plywood, furniture and the like, each joined with the adhesive. The kinds of wood in the wooden product 
is not specifically limited and is exemplified by birch, (Japanese) hemlock, (Japanese) cedar, lauan, zelkova tree and 
the like. 
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For the production of the above-described (A-1) aqueous emulsion or (A-2) aqueous emulsion according to the 
present invention, various processes are taken into consideration, among which a process for efficiently producing a 
high quality aqueous emulsion will be described as follows: 

The desirable process for producing (A-1) aqueous emulsion is the two-step polymerization process comprising ihe 
5 first step wherein a vinyl ester monomer is subjected to emulsion polymerization in the presence of a PVA as the dis- 
persant to produce the vinyl ester polymer (1) ; and the second step in which a (meth)acrylic ester monomer and a 
primary hydroxyl group-containing ethylenically unsaturated monomer are subjected to emulsion polymerization to pro- 
duce the above-described copolymer (2) around the vinyl ester polymer already formed in the preceding first step. 

The polymerization of the vinyl ester monomer is desirably completed substantially in the first step of the process, 
w which however may be transferred to the second step after about 70% conversion to the polymer. It is not always nec- 
essary to effect polymerization in the first and second steps in the same polymerization reactor, but the polymer may 
be produced by means of seed polymerization process in which an aqueous emulsion of a vinyl ester polymer is sepa- 
rately produced in advance and added to the reaction system prior to the start of emulsion copolymerization of a 
(meth)acrylic ester monomer and a primary hydroxyl group-containing ethylenically unsaturated monomer. The polym- 
15 erization initiator to be used for the emulsion polymerization Is not specifically limited but is preferably a water-soluble 
initiator such as an oxidative substance exemplified by hydrogen peroxide, cumene hydroperoxide, tert-butyl hydroper- 
oxide, persulfate (salt of potassium, sodium or ammonium), tert-butyl peracetate and tert-butyl, perbenzoate; a reductive 
substance exemplified by Rongalite and l-ascorobic acid. 

In the two-step polymerization process according to the present invention, it is necessary to carry out the first and 
20 second steps of emulsion polymerization in the presence of a dispersant comprising PVA. In the case where PVA is not 
used as a dispersant, the aqueous emulsion obtained is interior in initial adhesivity when used as an adhesive, thereby 
failing to attain the object of the present invention. The PVA to be used in the two-step polymerization process is the 
same as that described in the (A) aqueous emulsion according to the present invention. 

The amount of PVA to be used is not specifically limited , but is in the range of 0.2 to 50% by weight, desirably 1 to 
25 10% by weight based on the total amount of the polymer (1) in the first step and the copolymer (2) in the second step. 
The PVA may be added to the reaction system in whole at the initial feeding or may be added thereto in part continuously 
or intermittently. In addition, a known emulsifying agent other than PVA may be used in combination with PVA insofar 
as the use thereof does not impair the performance of the adhesive such as initial adhesivity. 

The vinyl ester monomer to be used in the first step of the two-step polymerization process according to the present 
ao invention constitutes the starting raw material for the above-mentioned vinyl ester polymer (1), therefore the type of the 
monomer is desirably correspondent to the type of the vinyl ester polymer (1) to be obtained therefrom. 

The (meth)acrylic ester monomer and primary hydroxyl group-containing ethylenically unsaturated monomer to be 
used in the second step of the two-step polymerization together constitute the starting raw material for the aforestated 
copolymer (2), thus the types and the proportion to be used is desirably correspondent to the type and composition of 
3s the copolymer to be obtained therefrom. 

The ratio by weight of the vinyl ester polymer ( 1 ) to be produced in the first step to the copolymer (2) to be produced 
in the second step is desirably determined so that the above ratio corresponds to the ratio by weight of the polymer (1) 
to the copolymer (2) in the (A-1) aqueous emulsion according to the present invention. 

The desirable process for producing (A-2) aqueous emulsion is the process which comprises emulsion-polymerizing 
40 at least one hydrophobic unsaturated monomer selected from the group consisting of methacryl ic ester monomer, acrylic 
ster monomer, styrenic monomer, diene monomer and halogenated unsaturated monomer and 0.1 to 50% by weight of 
a primary hydroxyl group-containing ethylenically unsaturated monomer based on the total amount of the aforementioned 
monomer in the presence of PVA having a mercapto group at an end thereof. 

In putting the above-mentioned process into practice, there is available the conventional emulsion polymerization 
45 method in which the aforesaid monomer is added to the reaction system at a time or continuously followed by heating 
and stirring in the presence of water, said PVA and a polymerization initiator. There is also available the method in which 
a preliminarily emulsified mixture of a monomer and the aqueous solution of said PVA is continuously added to the 
reaction system. 

As the polymerization initiator to be used in the aforesaid process, there is available a Redox system comprising 
so the terminal mercapto group of a PVA having a mercapto group at an end thereof and a water-soluble oxidizing agent 
such as potassium bromate, potassium persulfate. ammonium persulfate and hydrogen peroxide. Among them potas- 
sium bromate is a particularily desirable polymerization initiator since it does not generate a radical independently under 
usual polymerization conditions, but is decomposed only by the Redox reaction with the terminal mercapto group of a 
PVA having a mercapto group at an end thereof to generate a radical, thereby effectively producing a block copolymer 
55 with the PVA having a mercapto group at an end thereof with the result that the stability of the aqueous emulsion is 
enhanced. It is also possible to use an oxidizing agent in combination, that is, to use potassium bromate at the start of 
polymerization and thereafter add another oxidizing agent. 

It is particularly desirable that the polymerization system is acid in the case of emulsion (co)polymerization in the 
presence of the PVA having a mercapto group at an end thereof , The reason for the above is that under alkaline condition, 



7 



EP 0 699 697 A1 



the mercapto group which exhibits an extremely active reactivity at the time of radical polymerization increases the 
velocity of ionically adding to the double bond of a hydrophobic unsaturated monomer, resulting in a marked decrease 
in polymerization efficiency. Accordingly, the pH in the polymerization system depends on the type of the hydrophobic 
unsaturated monomer, but is desirably 6 or less, particularly desirably 4 or less for all of the emulsion polymerization 
operations to be carried out according to the process of the present invention. 

The composition of the present invention finds a widediversity of use typified by adhesive. The use of the composition 
as an adhesive can drastically improve initial adhesivity as well as adhesive strength and water resistance. The adhesive 
according to the present invention is applicable for joining miscellaneous objects, particularly favorably for joining wooden 
products, and also can be used for joining not only two or more woods but also wood to paper, fiber product, inorganic 
board, and the like. 

By virtue of its adhesive film excellent in water resistance, the composition of the present invention can find effective 
use in the field of inorganic binder, primer for inorganic board, wooden panel and the like. 

In the following, the present invention wil I be described in more detail with reference to the examples and comparative 
examples, wherein "part(s)' and "%" denote part(s) by weight and % by weight, respectively, unless otherwise specified. 

Example 1 

(1) First step 

In an autoclave equipped with a stirrer, a nitrogen introduction pipe and a chemicals injection pump, 4 parts of 
partially hydrolyzed PVA having an average degree of polymerization of 1 700 and a degree of hydrolysis of 88 mol% 
was dissolved in 85 parts of ion-exchanged water with heating , 6 parts of vinyl acetate was added therein, after atmos- 
phere in the autoclave was replaced with nitrogen the mixture was heated to raise the temperature to 70°C, polymeri- 
zation was Initiated by the use of 0.06 part of 1% hydrogen peroxide aqueous solution and 0.03 part of 5% Rongallte 
aqueous solution, and 54 parts of vinyl acetate was continuously added in the autoclave over a period of 2 hours, during 
which 0.54 part of 1% hydrogen peroxide aqueous solution and 0.3 part of 5% Rongalite aqueous solution were con- 
tinuously added therein. At the time when the concentration of the residual vinyl acetate in the polymerization system 
decreased to 3%, an sample was collected for Tg measurement. 

(2) Second step 

Subsequently, a monomer mixture of methyl methacrylate (MMA)/butyl acrylate (BA)/2-hydroxyethyl methacrylate 
(HEMA) in a ratio by weight of 21/1 6/3 was continuously added in the autoclave over a period of 2 hours, during which 
period 4 parts of 1% hydrogen peroxide aqueous solution and 2.0 parts of 5% Rongalite aqueous solution were cortti- 
nously added therein. 

In the course of the polymerization 1 .0 part of PVA same as that used in the first step as 15% aqueous solution was 
added therein over a period of 1 .5 hour. 

The aqueous emulsion thus obtained had a solid concentration of 52.0% and a viscosity of 2350 mPas-s (milliPas- 
cal'second). 

Separately, copolymerization was carried out at a composition by weight of MMA/BA/HEMA - 21/16/3 to measure 
Tg of the resultant copolymer. 

As a result of analysts by differential scanning calorimetry (DSC), the Tg was 30"C for the polymer in the first step 
and 15°C for the copolymer in the second step. The ratio by weight of the polymer in the first step to the copolymer in 
the second step was 60:40. 

(3) Adhesion test 

By the use of the aforesaid aqueous emulsion, adhesion test was carried out under the following conditions. The 
result are given in Table 1 . 

Conditions of adhesion test 

[Adhesive composition] 

The adhesive to be tested was obtained by adding 45 parts of 10% PVA aqueous solution having a degree of 
polymerization of 1 700 and a degree of hydrolysis of 98 mot% (produced by Kuraray Co., Ltd. under the tradename "PVA 
1 1 T) and 1 0 parts of calcium carbonate to 45 parts of said aqueous emulsion, and to the resultant mixture further adding 
15 parts of polymethylene pdyphenyl isocyanate (produced by Nippon Polyurethane Industry Co., Ltd. under the trade- 
name "Millionate MR-100") followed by mixing. 



8 



EP 0 699 697 A1 



Adhesion conditions 
Object to be joined: 

birch/birch (grain face) with 8% water content 
5 Coating amount : 

250 g/m2 (for both sides) 
Open time : 
1 min. 

Pressure bonding condition: 
10 2CTC. 24 hours, 10 kg/cm 2 pressure (only for test pieces for dry strength and for ones for repeated boiling) 

Measuring condition 

Compression-shear adhesive strength was measured according to J IS K-68S2 

15 

Dry strength: After curing at 2Q°C for 7 days, measured as such. 

Repeated boiling: after curing at 20'C for 7 days, a test piece was immersed in boiling water for 4 hours, then dried 
in the air at 60°C for 20 hours, again immersed in boiling water for 4 hours, allowed to stand in the water until the boiling 
water cools to room temperature and subjected to the test as such under wet condition. 
20 initial adhesh/ity: A pair of test pieces was stuck together, subjected to press bonding at 20"C and 10 kg/crri* and 
immediately thereafter measured for compression-shear adhesive strength. 

Example 2 

25 (1) First step 

In the autoclave which was used in Example 1 , 4 parts of partially hydrolyzed PVA having an average degree of 
polymerization of 500 and a degree of hydrolysis of 88 mor% (produced by Kuraray Co., Ltd. under the tradename "PVA 
205") was dissolved in 85 parts of ion-exchanged water, 8 parts of vinyl acetate was added therein, and under a pressure 
30 of 40 kg/cm* by ethylene at 60°C potassium persulfate and aqueous solution of Rongalite were added therein to initiate 
polymerization. The amount of the polymerization initiator was adjusted so as to attain an appropriate polymerization 
rate in the same manner as in Example 1, (The same procedure was applied to the Examples described hereinafter). 

Subsequently 36 parts vinyl acetate was continuously added in the autoclave over a period of 3 hours and the 
polymerization was continued until the concentration of the vinyl acetate monomer reached 4%. 

35 

(2) Second step 

Subsequently, a monomer mixture of MMA/2-ethylhexyl acrylate (2-EHA)/2-hydroxyethyl acrylate (HEA) in a ratio 
by weight of 28/15/2 was continuously added in the autoclave over a period of 2 hours to proceed with polymerization, 
40 during which period 1 .0 part of the same PVA as that used in the first step as 1 5% aqueous solution was added therein. 

The aqueous emulsion thus obtained had a solid concentration of 51.5% and a viscosity of 1010 mPas-s. 

As the result of analysis by DSC, the Tg showed 0'C for the polymer in the first step, and 15°C for the copolymer 
in the second step. The ratio by weight of the polymer in the first step to the copolymer in the second step was 55:45. 

45 (3) Adhesion test 

By the use of the aforementioned aqueous emulsion, adhesion test was carried out in the same manner as in 
Example 1. The results are given in Table 1. 

so C omp ara tive Ex am p le 1 

In the same manner as in Example 2, (co)polymerization was effected in the first and second steps except that 
polyoxyethylene nonylphenyl ether having 40 mo) of oxy ethylene units (produced by Sanyo Chemical Industries. Ltd. 
under the tradename "Nonipol 400") was used in place of PVA. 
55 As a result, the Tg of the polymer in the first step went down to -3°C, presumably because of the plasticizing effect 
of the above-mentioned nonionic surfactant. 

The aqueous emulsion thus obtained had a solid concentration of 50.9% and a viscosity of 100 mPas-s. The ratio 
by weight of the polymer in the first step to the copolymer in the second step was 55:45. 
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By the use of the aforesaid aqueous emulsion, adhesion test was carried out in the same manner as in Example 1 . 
The results are given in Table 1 . 

Comparative Example 2 

5 

In the autoclave which was used in Example 1 , 4 parts of partially hydrolyzed PVA having an average degree of 
polymerization of 1 700 and a degree of hydrolysis of 88 mol% (produced by Kuraray Co., Ltd. under the tradename "PVA 
21 7") was dissolved in 85 parts of ion-exchanged water with heating, and then 20 parts of a monomer mixture of vinyl 
acetate (VAc)/MM A/BA/HEMA in a ratio by weight of 60/2 1 /1 6/3 was added therein, followed by adding aqueous solution 
10 at potassium persulfate at 70°C to initiate polymerization. Further, the balance 80 parts of the monomer mixture was 
continuously added therein over a period of 3 hours along with the continuous addition of 1 .0 part of PVA as 1 5% aqueous 
solution. At the last stage of polymerization, however, the reaction was uncontrollably abnormalized to produce a large 
amount of agglomerate in the autoclave. 

is Example 3 

(1) First step 

In the autoclave was placed 60 parts of ion-exchanged water, in which was dissolved 3 parts of partially hydrolyzed 
so PVA having an average degree of polymerization of 500 and a degree of hydrolysis of 88 mol% (produced by Kuraray 
Co., Ltd. under the tradename "PVA 205") and to the aqueous solution were added 10 parts of monomer mixture of 
VAc/vinyl versate (produced by Shell Chemical Co., Ltd. under the tradename "Veova 10") in a ratio by weight of 29/21 
and aqueous solution of potassium persulfate at 70*C to initiate polymerization. Further, 40 parts of the monomer mixture 
was continuously added over a period of 2 hours, and polymerization was continued until the concentration of the mon- 
ss omer mixture dropped as low as 0.5%. 

(2) Second step 

In another reactor preliminarily containing a solution of 2 parts of the aforesaid PVA in 25 parts of ion-exchanged 
30 water was fed the total amount of the aqueous emulsion of the VAc/vinyl versate copolymer as obtained in the first step. 
Subsequently, 10 parts of a monomer mixture of MMA/BA in a ratio by weight of 31/16 was added therein, polymerization 
was initiated by the use of potassium persulfate at 70°C, and 40 parts of the above monomer mixture and 20% aqueous 
solution of 3 parts of N-methyloiacrylamide (N-MAM) were continuously added therein over a period of 2 hours. The 
aqueous emulsion thus obtained had a solid concentration of 49.5% and a viscosity of 960 mPass. 
35 The Tg showed 1 5°C for the polymer in the first step and 30°C for the copolymer in the second step. The ratio by 
weight of the polymer in the first step to the copolymer in the second step was 50:50. 

By the use of the aforestated aqueous emulsion, adhesion test was carried out in the same manner as in Example 
1 . The results are given in Table 1 . 

40 Example 4 

(1) First step 

In a pressure resistant autoclave, 3 parts of PVA as used in Example 2 was dissolved in 85 parts of ion-exchanged 
45 water, 18 parts of vinyl acetate and 18 parts of vinyl chloride were added therein, ethylene was introduced therein to 
show the pressure of 35 kg/cm* at 60'C, and polymerization was initiated by the use of hydrogen peroxide and aqueous 
solution of Rongalite. After 3 hours, when the concentration of vinyl acetate in the polymerization system went down as 
low as 0.5%, the reaction product was taken out from the system. The polymer had a Tg of 35°C. 

so (2) Second step 

Subsequently, the aforesaid aqueous emulsion was transferred to a reaction kettle at atmospheric pressure, In which 
were placed 10 parts of monomer mixture of MMA/styrene (Sf)/2-EHA/HEMA in a ratio by weight of 18.5/18/22/1.5 and 
aqueous solution of potassium persulfate to initiate polymerization at 70'C. Then to the polymerization system was 
ss continuously added 51.5 parts of said monomer mixture over a period of 3 hours and was further added 15% aqueous 
solution of 2 parts of PVA over a period of 2 hours during the course of polymerization. The copolymer produced in the 
second step had a Tg of 1 5°C. The aqueous emulsion thus obtained had a solid concentration of 50.8% and a viscosity 
of 850 mPas-s. The ratio by weight of the polymer in the first step to the copolymer in the second step was 40:60. 
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By the use of the aqueous emulsion thus formed, adhesion test was carried out in the same manner as in Example 
1 . The results are given in Table 1 . 

Example 5 

5 

(1) First step 

3 parts of the same PVA as that used in Example 1 was dissolved in 85 parts of ion-exchanged water, 72 parts of 
vinyl acetate was added to the solution and ethylene was introduced to show the pressure of 30 kg/cm2 at 50°C. Polym- 

10 erization was conducted by the use of hydrogen peroxide and aqueous solution of Rongalite. After 2 hours the concen- 
tration of the vinyl acetate in the polymerization system dropped as low as 2%. 

(2) Second step 

15 Subsequently a monomer mixture of MMA/2-EHA/HEA in a ratio by weight of 1 1 .6/6.4/2.0 was added to the system 
to continue polymerization. The aqueous emulsion thus obtained had a solid concentration of 51.0% and a viscosity of 
300 mPas-s. 

The Tg showed 10°C for the polymer obtained in the first step and 15°C for the copolymer formed in the second 
step. The ratio by weight of the polymer in the first step to the copolymer in the second step was 80:20. 
so By the use of the aforestated aqueous emulsion, adhesion test was carried out in the same manner as in Example 
1 . The results are given in Table 1 . 

Comparative Example 3 

ss (1) First step 

4 parts of the same PVA as that used in Example 2 (an average degree of polymerization of 500 and a degree of 
hydrolysis of 88 mol%) was dissolved in 85 parts of ion-exchanged water, 74 parts of vinyl acetate was added to the 
solution and ethylene was introduced to show the pressure of 40 kg/crrf* at 60°C Then polymerization was carried out 

30 by the use of hydrogen peroxide and aqueous solution of Rongalite. After 3 hours the concentration of vinyl acetate in 
the system dropped as low as 1%. 

(2) Second step 

35 Subsequently, total amount of a monomer mixture of MMA/BA/HEA in a ratio by weight of 3.5/2.5/2.0 was added to 
the system to continue polymerization, during which 1 .0 part of the same PVA as above was added to the system as 
1 0% aqueous solution. 

The aqueous emulsion thus obtained had a solid concentration of 49.6% and a viscosity of 2500 mPas-s. 
The Tg showed 0°C tor the polymer obtained in the first step and 1 5°C for the copolymer formed in the second step. 
40 The ratio by weight of the polymer in the first step to the copolymer in the second step was 92:8. 

By the use of the aforestated aqueous emulsion, adhesion test was carried out in the same manner as in Example 
1 , The results are given in Table 1 . 

Comparative Example 4 

45 

(1) First step 

0.5 part of the same PVA as that used in Example 2 was dissolved in 20 parts of ion-exchanged water, 4 parts of 
vinyl acetate was added to the solution and ethylene was introduced to show the pressure of 40 kg/cm 2 at 60°C. Then 
so polymerization was carried out by the use of hydrogen peroxide and aqueous solution of Rongalite. After 0.5 hour the 
concentration of vinyl acetate in the system dropped as low as 1 % or lower. 

(2) Second step 

ss Subsequently, a monomer mixture of MMA/BA/HEA in a ratio by weight of 52.9/40.1/2 was added to the system to 
conduct copolymerlzation, during which aqueous solution of 4.5 parts of the same PVA as above in 65 parts of ion- 
exchanged was added to the system. 

The aqueous emulsion thus obtained contained coarse particles and after filtration, had a solid concentration of 
48.0% and a viscosity of 620 mPas'S. 
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The Tg showed 0°C tor the polymer obtained in the first step and 1 5°C for the copolymer formed in the second step. 
The ratio by weight of the polymer In the first step to the copolymer in the second step was 5:95. 

By the use of the aforestated aqueous emulsion, adhesion test was carried out in the same manner as in Example 
1 . The results are given in Table 1 . 

5 

Comparative Example 5 
(1) First step 

10 3.0 parts of the same PVA as that used in Example 2 was dissolved in 85 parts of ion-exchanged water, 45 parts 
of vinyl acetate was added to the solution and ethylene was introduced to show the pressure of 40 kg/cm? at 60°C. Then 
polymerization was carried out by the use of hydrogen peroxide and aqueous solution of Rongalite. After 3 hours the 
concentration of vinyl acetate in the system dropped as low as 2%. 

ts (2) Second step 

Subsequently, 5 parts of a monomer mixture of MMA/BA/HEMA in a ratio by weight of 29.6/7.4/3 was added to the 
system to conduct polymerization at 70°C and 38 parts of the above monomer mixture was further added over a period 
of 2 hours during which 2 parts of the same PVA as above was added to the system as 15% aqueous solution. 
so The aqueous emulsion thus obtained had a solid concentration of 50.2% and a viscosity of 1 260 mPas-s. 

The Tg showed 0°C for the polymer obtained in the first step and 55°C for the copolymer formed in the second step. 
The ratio by weight of the polymer in the first step to the copolymer in the second step was 60:40. 

By the use of the aforestated aqueous emulstion, adhesion test was carried out in the same manner as in Example 
1 . The results are given in Table 1 . 

as 

Comparative Example 6 

The procedure In Example 2 was repeated to conduct polymerization in the first step and copolymerizatlon in the 
second step except that in the second step a monomer mixture of MMA/2-EHA in a ratio by weight of 29/1 6 without HEA 
30 was used in place of MMA/2-EHA/HEA. 

The aqueous emulsion thus obtained had a solid concentration of 48.9% and a viscosity of 1800 mPas-s. 
The Tg showed 0°C for the polymer obtained in the first step and 1 4°C for the copolymer formed in the second step. 
The ratio by weight of the polymer in the first step to the copolymer in the second step was 55:45. 

By the use of the aforestated aqueous emulsion, adhesion test was carried out in the same manner as in Example 
as 1 . The results are given in Table 1 . 

Comparative Example 7 

In the same autoclave as that used in Example 1 , 3 parts of the same PVA as that used in Example 2 was dissolved 
40 in 85 parts of ion-exchanged water with heating, then 4 parts of a monomer mixture of MMA/BA/HEMA in a ratio by 
weight of 21/16/3 was added to the solution, aqueous solution of potassium persulfate was added thereto to initiate 
polymerization at 70*C and further 36 parts of the above monomer mixture was continuously added to the polymerization 
system over a period of 3 hours. 

Thereafter 60 parts of vinyl acetate and 2 parts of PVA as 15% aqueous solution were continuously added to the 
45 system over a period of 3 hours, but a large amount of agglomerate was formed in the autoclave, failing to produce 
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favorable aqueous emulsion. The results are given in Table 1 . 
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*1: amount in parts by weight per 100 parts by weight of 
solid content of aqueous emulsion finally obtained. 

(1) PVA 217 — PVA having an average degree of 

polymerization of 1700 and a degree of 
hydrolysis of 88 mol% produced by Kuraray 
Co., Ltd. 

(2) PVA 205 -- PVA having an average degree of 

polymerization of 500 and a degree of 
hydrolysis of 88 mol% produced by Kuraray 
Co., Ltd. 
vinyl acetate 
ethylene 

Veova 10 (tradename, product of Shell 
Chemical Co., Ltd.) 
vinyl chloride 
methyl methacrylate 
2 -hydroxys thy 1 methacrylate 
2-hydroxyethyl acrylate 
N-methylolacrylamide 
butyl acrylate 
2-ethylhexyl acrylate 
styrene 

*3: Figures in parenthesis denote wood breakage ratio in %. 
*4 : Composition could not be prepared 
*5: Coarse particles formed in dispersion 



*2: (1) VAc 

(2) Et 

(3) Veova 

(4) VC1 

(5) MMA 

(6) HEMA 

(7) HEA 

(8) N-MAM 

(9) BA 

(10) 2-EHA 

(11) St 
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Example 6 

(1) Preparation of aqueous emulsion 

In a glass-made polymerization reactor equipped with a reflux condenser, a dropping funnel, a thermometer and a 
nitrogen injection nozzle were placed 5 parts of PVA having a mercapto group at an end thereof (average degree of 
polymerization of 550, degree of hydrolysis of 88.0 mol% and mercapto group (SH) content of 3.2 x 1 0" 5 equivalent/g) 
and 100 parts of ion-exchanged water, in which the PVA was completely dissolved at 95°C. The solution was adjusted 
to pH 3.0 with sulfuric acid, incorporated with 10 parts of methyl methacrylate and 10 parts of n-butyl acrylate, heated 
to 65°C after atmosphere in the reactor was replaced with nitrogen, incorporated with 1 . 3 part of 2% potassium bromate 
aqueous solution to initiate polymerization and to the mixture were continuously added 40 parts of methyl methacrylate, 
38 parts of n-butyl acrylate and 2 parts of 2-hydroxyethyi acrylate over a period of 2 hours. The polymerization was 
completed after 3 hours from the start thereof, producing a stable copolymer emulsion (I) of methyl methacrylate/n-butyl 
acrylate/2-hydroxyethyl acrylate having a solid concentration of 50.9%, a viscosity of 750 mPas - s and an average particle 
diameter of 0.9 jim. 

(2) Adhesion test 

By the use of the aforementioned aqueous emulsion, adhesion test was carried out in the same manner as in 
Example 1. The results are given in Table 2. 

Example 7 

(1) Preparation of aqueous emulsion 

In a glass-made polymerization reactor equipped with a reflux condenser, a dropping funnel, a thermometer and a 
nitrogen injection nozzle were placed 5 parts of PVA having a mercapto group at an end thereof and a carboxyl group 
in the side chain thereof (average degree of polymerization of 700, degree of hydrolysis of 89.2 mot%, content of carboxyl 
group of 1 .0 mol% and mercapto group (SH) content of 2.3 x 1 0" s equivalent/g) and 1 05 parts of ion-exchanged water, 
in which the PVA was completely dissolved at 95°C. The solution was adjusted to pH 3.0 with sulfuric acid, incorporated 
with 8 parts of styrene and 1 2 parts of 2-ethylhexyl acrylate, heated to 60°C after atmosphere in the reactor was replaced 
with nitrogen, incorporated with 1 .0 part of 2% potassium bromate aqueous solution to initiate polymerization and to the 
mixture were continuously added 32 parts of styrene, 45 parts of 2-ethylhexyl acrylate and 3 part of 2-hydroxyethyl 
methacrylate over a period of 2 hours. The polymerization was completed after 3 hours from the start thereof, producing 
a stable copolymer emulsion (II) of styrene/2-ethylhexyl acrylate/2-hydroxyethyl methacrylate having a solid concentra- 
tion of 49.7%, a viscosity of 2800 mPas-s and an average particle diameter of 0.8 pm 

(2) Adhesion test 

By the use of the aforestated aqueous emulsion (II), adhesion test was carried out in the same manner as in Example 
1 . The results are given in Table 2. 

Example 8 

(1) Preparation of aqueous emulsion 

In a pressure resistant autoclave equipped with a nitrogen injection nozzle and a thermometer was placed 1 20 parts 
of 5% PVA aqueous solution having a mercapto group at an end thereof, said PVA being the same as that used in 
Example 6. By the use of sulfuric acid, the solution was adjusted to pH 4.0 and thereafter incorporated with 53 parts of 
styrene and 2 parts of 2-hydroxyethyl methacrylate. Subsequently, the autoclave was pressurized with 45 parts of buta- 
diene through a metering pressure bottle. After raising the temperature of the contents in the autoclave to 70°C, 25 parts 
of 2% potassium persulfate aqueous solution was added into the autoclave to initiate polymerization. An internal pressure 
of 4.8 kg/cm 2 decreased with the progress of reaction and dropped to 0.5 Kg after 20 hours. 

The conversion to polymer was obtained as 98.5%. 

The resultant copolymer emulsion (II I) of styrene/butadiene/2-hydroxyethyl methacrylate was stable and had a solid 
concentration of 42.9%, a viscosity of 850 mPas-s and an average particle diameter of 1 .1 |i.m. 
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(2) Adhesion test 

By the use of the aforestated aqueous emulsion (ill), adhesion test was carried out in the same manner as in Example 
1. The results are given in Table 2. 

Example 9 

(1) Preparation of aqueous emulsion 

In a pressure resistant autoclave equipped with a nitrogen injection nozzle and a thermometer was placed 1 20 parts 
of 5% PVA aqueous solution having a mercapto group at an end thereof, said PVA being the same as that used in 
Example 6. By the use of sulfuric acid, the solution was adjusted to pH 4.0 then after atmosphere in the autoclave was 
replaced with nitrogen, incorporated with 3 parts of 2-hydroxyethyl methacrylate. Subsequently; the autoclave was pres- 
surized with 80 parts of vinyl chloride monomer through a metering pressure bottle. Thereafter the autoclave was pres- 
surized with ethylene up to show the pressure of 30 kg/cm? and, after temperature raising to 60°C, 25 parte of 2% 
potassium persulfate aqueous solution was added. After 6 hours from the start of polymerization, the concentration of 
the residual vinyl chloride monomer dropped to 0.01% or lower, indicating the completion of polymerization. The vinyl 
chloride/ethylene copolymer emulsion (IV) thus obtained was stable and had a solid concentration of 43.3%, viscosity 
of 1000 mPas-s and an average particle diameter of 1 .0 (im. 

(2) Adhesion test 

By the use of the aforementioned aqueous emulsion (IV), adhesion test was carried out in the same manner as in 
Example 1 . The results are given in Table 2. 

Comparative Example 8 

The procedure in Example 6 was repeated to produce methyl methacrylate/h-butyl acrylate copolymer emulsion 
(V) except that the use of 2-hydroxyethyl acrylate containing primary hydroxy group was omitted. The aqueous emulsion 
thus obtained was stable and had a solid concentration of 50%, viscosity of 700 mPas-s and an average particle diameter 
of 0,9 um. 

By the use of the aforementioned aqueous emulsion (V), adhesion test was carried out in the same manner as in 
Example 1. The results are given in Table 2. 

Comparative Examples 

The procedure in Example 6 was repeated except that an unmodified PVA having an average degree of polymeri- 
zation of 500 and a degree of hydrolysis of 88 mol% (producted by Kuraray Co., Ltd. under the tradename "PVA 205") 
was used in place of the PVA having an mercapto group at an end thereof to try to effect emulsion polymerization of 
methyl methacrylate, n-butyl acrylate and 2-hydroxyethyl acrylate. However, after 30 minutes from the start of the trial 
coarse particles of several mm in size were formed at a conversion to polymer of 15.5%, thus failing to afford a stable 
aqueous emulsion. 

Comparative Example 10 

The procedure in Example 8 was repeated except that an unmodified PVA having an average degree of polymeri- 
zation of 500 and a degree of hydrolysis of 88 mol% (producted by Kuraray Co., Ltd. under the tradename "PVA 205") 
and an unmodified PVA having an average degree of polymerization of 1 700 and an average degree of hydrolysis of 88 
md% (also produced by Kuraray Co. , Ltd. under the tradename "PVA 2 1 T) in a ratio by weight of 8:2 were used in place 
of the PVA having an mercapto group at an end thereof to try to conduct emulsion polymerization of styrene, butadiene 
and 2-hydroxyethyl acrylate. However, after 2 hours from the start of the trial, blocking took place at a conversion to 
polymer of 25.3% thus failing to afford a stable aqueous emulsion. 

Comparative Example 11 

The procedure in Example 7 was repeated except that a pcfyoxyethylene nonylphenyl ether having 40 mol of oxyeth- 
ylene unite (produced by Sanyo Chemical Industries, Ltd. under the tradename "Nonipol 400") was used in place of the 
PVA having a mercapto group at an end thereof and a carboxyl group in the side chain to obtain a styrene/2-ethylhexyl 
acrylate/2-hydroxyethyl methacrylate copolymer emulsion (VI). The emulsion thus obtained was stable and had a solid 
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concentration of 49.8%, viscosity of 1 10 mPas-s and an average particle diameter of 0. 1 5 urn. By the use of the aqueous 
emulsion (VI), adhesion test was carried out in the same manner as in Example 1 . The result are given in Table 2. 

Comparative, Example 12 

5 

The procedure in Example 8 was repeated except that a sodium sari of alkyldipherryl ether disultonic acid (produced 
by Sanyo Chemical Industries, Ltd. under the tradename "Sundet BL") was used in place of the PVA having a mercapto 
group at an end thereof to obtain a styrene/butadiene/2-hydroxyethyl methacrylate copolymer emulsion (VII). The emul- 
sion thus obtained was stable and had a solid concentration of 42.5%, viscosity of 85 mPas-s and an average particle 
10 diameter of 0.1 jim. By the use of the aqueous emulsion (VII), adhesion test was carried out in the same manner as in 
Example 1 . The results are given in Table 2. 

Comparative Example 19 

15 In a pressure resistant autoclave equipped with a nitrogen injection nozzle and a thermometer was placed 1 00 parts 
of 6% PVA aqueous solution having a mercapto group at an end thereof, said PVA being the same as that used in 
Example 6. By the use of solfuric acid, the solution was adjusted to pH 4.0 and thereafter incorporated with 80 parts of 
vinyl acetate and 2 parts of 2-hydroxyethyl acrylate. After raising the temperature of the contents in the autoclave to 
60°C and replacing atmosphere therein with nitrogen, the autoclave was pressurized with ethylene to show the pressure 

20 of 40 kg/cm 2 and polymerization was initiated by the use of a redox initiator of hydrogen peroxide/Rongalite system. 
After 4 hours from the start of polymerization, the concentration of the residual vinyl acetate monomer dropped to 0.5%. 
The ethylene/vinyl acetate/2-hydroxyethyl acrylate copolymer emulsion (VIII) thus obtained was stable and had a solid 
concentration of 50.0%, viscosity of 900 mPas s and an average particle diameter of 0.7 |im. 

By the use of the aforementioned aqueous emulsion (VIII), adhesion test was carried out in the same manner as in 

25 Example 1 . The results are given in Table 2. 

Comparative Examples 14 to 1 7 

In the same manner as in Example 1, adhesion test was carried out for aqueous emulsions (I) to (IV) obtained in 
30 Examples 6 to 9, respectively except that polymethylene polypheny! isocyanate was not used. 
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The results are given in Table 2. 
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(1) PVA having a mercapto group at an end thereof 
(average dgree of polymerization of 550, degree of 
hydrolysis of 88.0 mol%, mercapto group (SH) 
content of 3.2xl0~ 5 equivalent/g ) . 

(2) carboxyl modified PVA having a mercapto group at 

an end thereof (average degree of polymerization of 

700, degree of hydrolysis of 89.2 mol%, content of 

carboxyl group of 1,0 mol%, mercapto group (SH) 
-5 

content of 2 . 3x10 equivalent/g ) . 

(3) PVA 205 (unmodified PVA, average degree of 
polymerization of 500, degree of hydrolysis of 88 
mol%, produced by Kuraray Co., Ltd.) 

(4) PVA 217 (unmodified PVA, average degree of 
polymerization of 1700, degree of hydrolysis of 88 
mol%, produced by Kuraray Co., Ltd.) 

(5) Nonipol ( polyoxyethylene nonylphenyl ether having 40 
mol oxyethylene units, produced by Sanyo Chemical 
Industries, Ltd. ) 

(6) Sundet BL (sodium salt of alkyldiphenyl ether 
disulfonic acid, produced by Sanyo Chemical 
Industries, Ltd.) 

( 1 ) MMA — methyl methacrylate 

(2) n-BA — n-butyl acrylate 

(3) St — styrene 

(4) 2-EHA — 2-ethylhexyl acrylate 

(5) Bt — butadiene 

(6) HEA — 2-hydroxyethyl acrylate 

(7) HEMA ■-- 2-hydroxyethyl methacrylate 
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(8) VC1 

(9) Et 
(10) VAC 



vinyl chloride 
ethylene 
vinyl acetate 
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*3: (1) MR-100 -- polymethylene polyphenyl isocyanate, 

produced by Nippon Polyurethane Industry 
Co . , Ltd . 

(2) Figures in parenthesis in the column of Adhesion 
test denote wood breakage ratio in %- 



Claims 

1 . A composition which comprises an (A) aqueous emulsion comprising a dispersoid which comprises a copolymer 
containing at least one hydrophobic unsaturated monomer unit selected from a methacrylic ester monomer unit, 
acrylic ester monomer unit, styrenic monomer unit, diene monomer unit and halogenated unsaturated monomer 
unit; and a primary hydroxyl group-containing ethylenically unsaturated monomer unit in an amount of 0. 1 to 50% 
by weight based on said copolymer; and a dispersant comprising a vinyt alcohol polymer having a mercapto group 
at an end thereof and a (B) polyvalent isocyanate compound. 

2. The composition according to claim 1, wherein said (B) polyvalent isocyanate compound is compounded in an 
amount of 10 to 150 parts by weight per 100 parts by weight of said (A) aqueous emulsion expressed in terms of 
solid content. 

3. Use of the composition according to any of claims 1 to 2 for the production of an adhesive. 

4. An adhesive which comprises the composition set forth in any of claims 1 to 2. 

5. Use of the adhesive according to claim 4 for joining objects, particularly wood and lumber. 

6. A wooden product characterized in that the wooden product is joined by the adhesive as set forth in claim 4. 

7. An aqueous emulsion (A) comprising a dispersoid which comprises a copolymer containing at least one hydrophobic 
unsaturated monomer unit selected from a methacrylic ester monomer unit, acrylic ester monomer unit, styrenic 
monomer unit, diene monomer unit and halogenated unsaturated monomer unit; and a primary hydroxyl group- 
containing ethylenically unsaturated monomer unit in an amount of 0. 1 to 50% by weight based on said copolymer; 
and a dispersant comprising a vinyl alcohol polymer having a mercapto group at an end thereof. 

8. A process for producing an (A) aqueous emulsion as set forth in daim 7 which comprises subjecting at least one 
hydrophobic unsaturated monomer selected from a methacrylic ester monomer, acrylic ester monomer, styrenic 
monomer, diene monomer and halogenated unsaturated monomer; and a primary hydroxyl group-containing eth- 
ylenically unsaturated monomer in an amount of 0.1 to 50% by weight based on the total amount of the monomer 
to emulsion polymerization in the presence of a dispersant comprising a vinyl alcohol polymer having a mercapto 
group at an end thereof. 
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